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Abstract 
Objective 
Several compulsive grooming habits such as hair pulling, skin picking, and nail biting are collectively known as 
body-focused repetitive behaviors (BFRBs). Although subclinical BFRBs are common and benign, more severe 
and damaging manifestations exist that are difficult to manage. Researchers have suggested that BFRBs are 
maintained by various cognitive, affective, and sensory contingencies. Although the involvement of cognitive 
and affective processes in BFRBs has been studied, there is a paucity of research on sensory processes. 
Methods 
The current study tested whether adults with subclinical or clinical BFRBs would report abnormal patterns 
of sensory processing as compared to a healthy control sample. 
Results 
Adults with clinical BFRBs (n = 26) reported increased sensory sensitivity as compared to persons with subclinical 
BFRBs (n = 48) and healthy individuals (n = 33). Elevations in sensation avoidance differentiated persons with 
clinical versus subclinical BFRBs. Sensation seeking patterns were not different between groups. Unexpectedly, 
BFRB severity was associated with lower registration of sensory stimuli, but this finding may be due to high 
psychiatric comorbidity rates in the BFRB groups. 
Conclusions 
These findings suggest that several sensory abnormalities may underlie BFRBs. Implications for the etiology and 
treatment of BFRBs are discussed. 
Keywords 
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1. Introduction 
Several compulsive grooming habits such as hair pulling, skin picking, and nail biting are collectively known as 
body-focused repetitive behaviors (BFRBs) [1]. Despite involving different areas of the body, BFRBs are thought 
to share functional similarities and may represent different behavioral manifestations of a single latent 
obsessive-compulsive related disorder. Indeed, BFRBs have similar symptom presentations, phenomenology, 
age of onset, and courses; co-occur at a high rate [2, 3]; and respond to similar treatments [[4], [5], [6]]. 
Occasional engagement in BFRBs is relatively common and benign [7], but more severe manifestations can lead 
to significant physical and psychosocial consequences such as bleeding, scarring, shame, and depression 
[4, 8, 9]. Despite these negative sequelae, individuals with clinical BFRBs have difficulty controlling or stopping 
the behaviors [10], leading researchers to examine variables that maintain symptoms. 
Mansueto et al. [11] proposed a comprehensive behavioral model of BFRBs in which symptoms are maintained 
by cognitive, affective, and sensory contingencies. For instance, individuals may engage in symptoms to remove 
undesired hairs or blemishes1, cope with stress, and/or provide tactile stimulation. This model has been 
supported by research on emotion regulation in BFRBs. Emotion regulation is a self-regulatory process whereby 
individuals attend to and respond to internal affective events [12], and maladaptive emotion regulation is 
thought to involve problems in identifying, managing, and/or regulating emotional experiences [13, 14]. 
Considerable evidence indicates that BFRBs are associated with maladaptive emotion regulation [15]. Indeed, 
research shows that aversive affect tends to elicit BFRBs and that BFRBs temporarily attenuate aversive internal 
events (e.g., anxiety, stress, and tension) [15]. 
In addition to emotion regulation, researchers have suggested that stimulus regulation is an important function 
of BFRBs [11, 16]. Stimulus regulation is another self-regulatory process whereby individuals identify and 
respond to somatic events [17]. This proposition has some support based on the known phenomenology of 
BFRBs. For instance, BFRBS are non-violent, self-defacing behaviors that stimulate the skin, nails, and teeth. 
Rather than being experienced as aversive and painful, symptoms are often perceived as enjoyable [18], 
supporting the notion that BFRBs are automatically reinforced. Indeed, researchers using functional behavior 
analytic assessments have found that BFRBs are at least partially reinforced through self-
stimulation [[19], [20], [21]]. Other studies using retrospective self-report have found that compulsive hair 
pulling and skin picking attenuates aversive sensations (e.g., itching and tension) and provides automatic 
sensory reinforcement (e.g., pleasurable sensations) [18, [22], [23], [24]]. 
Penzel [16] proposed a model wherein affected persons engage in BFRBs to distract themselves when over-
stimulated and arouse themselves when under-stimulated. Penzel argued that BFRBs serve this function 
because: (a) humans have a large amount of easily accessible hair, skin, teeth, and nails; (b) the areas involved in 
BFRBs (i.e., hair follicles, skin, fingertips, and gums) are densely populated with nerves and are easy to stimulate; 
(c) there are many features of hair, skin, gum beds, and nails that are stimulating to touch (e.g., bumps, rough or 
hard spots); (d) BFRBs may represent genetic relics of ancient grooming patterns that can be elicited easily; and 
(e) BFRBs are often reported as pleasurable in persons with clinical presentations [15]. According to the stimulus 
regulation model, persons with BFRBs possess deficient neural mechanisms that are unable to balance internal 
stimulation and achieve homeostasis [16]. BFRBs are then seen as efforts to behaviorally regulate the 
imbalanced internal states that arise from these deficient neural mechanisms. 
Unfortunately, little research has examined the validity of the stimulus regulation model, particularly the notion 
of deficient self-regulation processes. Extant research has shown that individuals with BFRBs report greater 
magnitudes of somatic sensations than healthy controls [25, 26], while other studies have found no difference 
in pain thresholds between persons with and without BFRBs [27, 28]. A growing body of literature has begun to 
document sensory abnormalities in some other Obsessive-Compulsive Related Disorders, such as Obsessive-
Compulsive Disorder and Tourette's Disorder. Persons with Tourette's Disorder have reported heightened 
interoceptive awareness and hypersensitivity to external stimuli from all five senses [26, 29], and persons with 
Obsessive-Compulsive Disorder have reported hypersensitivity and intolerance to both external and 
interoceptive stimuli [[30], [31], [32]]. Additionally, recent studies have found that interoceptive awareness is 
positively correlated with urges to tic in persons with Tourette's Disorder [33] and that persons with self-
reported sensory intolerance have a higher lifetime incidence of tics and Obsessive-Compulsive Disorder than 
those without sensory intolerance [34]. These findings suggest that some Obsessive-Compulsive Related 
Disorders may be associated with abnormal sensory processing. 
Although existing research on Obsessive-Compulsive Related Disorders points to the existence of several sensory 
abnormalities, much of the research has presented vague and inconsistent operational definitions of sensory 
phenomena (e.g., sensory intolerance vs. hypersensitivity). In some cases, researchers seem to be investigating 
whether individuals with Obsessive-Compulsive Related Disorders are more perceptive of sensory input, which 
would reflect abnormally low detection thresholds [26, 29]. Other studies seem to be concerned with behavioral 
responses to stimuli and use terms such as “sensory intolerance” or “sensory over-responsivity” 
[[30], [31], [32], 35]. This lack of clarity makes it difficult to (a) draw conclusions across studies, (b) discern what 
specific sensory and perceptual abnormalities are associated with Obsessive-Compulsive Related Disorder 
psychopathology, and (c) infer clear treatment implications [35]. 
Dunn [36] argued that sensory processing abilities are the product of an interaction between two orthogonal 
dimensions: neurological thresholds and behavioral responses. Neurological thresholds refer to the ability of 
individuals to detect stimuli at certain amplitudes or intensities. Low neurological thresholds reflect a low 
sensory detection threshold (i.e., the ability to detect and respond to low-intensity stimuli), whereas high 
neurological thresholds reflect a high sensory detection threshold (i.e., a reduced propensity to detect low-
intensity stimuli). Behavioral responses describe individuals' propensity to approach (i.e., behavioral accordance) 
or avoid (i.e., behavioral counteracting) sensory stimuli. Fig. 1 showcases Dunn's four-quadrant model reflecting 
the interaction between neurological thresholds and behavioral responses. Sensitivity to stimuli reflects a 
passive discomfort in response to perceptual inundation, but no significant efforts to counteract or avoid this 
discomfort. Persons who score high on this scale would be expected to have a tendency to become distracted by 
stimuli, have difficulty focusing on stimuli, and report feeling overwhelmed in high-intensity sensory 
environments. Similarly, sensation avoiding reflects a low threshold and tendency to avoid or counteract stimuli, 
with persons scoring high on this scale reporting that they actively limit their exposure to high-intensity stimuli. 
On the other end of the neurological threshold continuum, low registration reflects low response to stimulation 
and a tendency to overlook or fail to recognize stimuli, whereas sensation seeking reflects a tendency to 
counteract one's perceived lack of stimulation by pursuing high-intensity stimulation. Utilizing Dunn's model of 
sensory processing, it is possible to link potential sensory abnormalities in BFRBs to these behavioral profiles. 
Doing so could provide researchers with increased specificity about the experience of affected individuals as 
well as insights into possible underlying mechanisms. 
 
Fig. 1. Dunn's model of sensory processing. 
In one study using a self-report measure based on Dunn's model of sensory processing [37] results showed that 
participants with Obsessive-Compulsive Disorder had increased sensory sensitivity and sensation avoiding, as 
well as increased low registration and reduced sensation seeking when compared to a community sample. 
Despite the fact that the authors only predicted the former two results, they reasoned that the increased low 
registration scores could have been due to comorbidity in the Obsessive-Compulsive Disorder sample and that 
the decreased sensation seeking scores were consistent with the increased sensation avoiding scores. 
Consistent with the growing body of research on sensory abnormalities in Obsessive-Compulsive Related 
Disorders, the current study sought to supplement preliminary findings in BFRBs by investigating whether 
affected individuals perceive their sensory environments abnormally. The current study also sought to extend 
previous research by determining whether sensory abnormalities observed in other Obsessive-Compulsive 
Related Disorders are also present in BFRBs. As such, we utilized the same measure of Dunn's model of sensory 
processing as Rieke and Anderson [37] to assess sensory processing in three groups of young adults identified as 
having either clinical BFRBs, subclinical BFRBs, or no BFRBs. Based on previous research 
[15, [22], [23], [24], [25], [26], 37], it was hypothesized that individuals with clinical BFRBs would report 
increased sensitivity to stimuli and increased sensory avoiding. It was also hypothesized that there would be no 
differences between groups on low registration scores after controlling for psychiatric comorbidity. With regard 
to stimulus seeking, we expected that because individuals with skin picking report craving the sensations caused 
by their symptoms [18], individuals with clinical BFRBs would report elevated scores on this subscale. Finally, 
because many individuals have non-pathological BFRBs that are non-impairing, and most existing research on 
BFRBs comes from clinical populations, we conducted exploratory analyses testing whether individuals with 
subclinical BFRBs could be differentiated from individuals with clinical BFRBs on these sensory processing 
variables. 
The current study also examined correlations between Dunn's sensory processing measure and participants' 
BFRB severity. We predicted that the magnitude of sensory sensitivity, sensory seeking, and sensation avoiding 
would be correlated positively with BFRB severity. 
2. Method 
2.1. Participants 
From June 2014 until December 2016, undergraduate students in introductory psychology classes were 
recruited from a public university and received course credit as compensation for participation. Eligible 
participants (n = 1900) were screened through an online questionnaire. Inclusion criteria consisted of (a) 
age ≥ 18, (b) enrollment in a psychology course accepting research participation credits, and (c) fluency in 
English. Participants were invited to participate in a subsequent in-person study if they reported behaviors 
consistent with a BFRB (e.g., performing a BFRB at least 5 times a day and for longer than 1 month). Additionally, 
persons who reported no history of BFRBs were invited to serve as healthy controls. A total of 619 persons were 
invited to participate in the in-person study, and 115 individuals participated. Persons without BFRBs who met 
criteria for another psychiatric disorder (n = 8) were excluded from the present study's analyses. In contrast, 
persons with BFRBs who had comorbid diagnoses were included. 
Based on their responses to a structured interview, participants were divided into three groups: a clinical BFRB 
group, a subclinical BFRB group, and a healthy control group. To be grouped into the clinical BFRB group, the 
participant must have met Diagnostic and Statistical Manual of Mental Disorders(5th ed.: DSM-5) diagnostic 
criteria for Trichotillomania, Excoriation Disorder, or Other Specified Obsessive-Compulsive and Related Disorder 
- Body-Focused Repetitive Behavior Disorder [10]. To be grouped into the subclinical BFRB group, participants 
must have reported that they habitually engage in a BFRB (e.g., hair pulling, skin picking, nail biting, etc.) but 
could not meet the remaining DSM-5criteria for trichotillomania, excoriation or another clinical BFRB. Persons 
with various, common BFRBs (e.g., hair pulling, skin picking, nail biting, cheek biting, teeth grinding, and skin 
biting) were included in the study, as well as other, less common expressions of BFRBs (e.g., nail picking and lip 
licking). 
The breakdown of the three BFRB groups was as follows: 26 participants were included in the clinical BFRB 
group, 48 were included in the subclinical BFRB group, and 33 participants were included in the healthy control 
group. The distribution of persons endorsing different BFRBs within the clinical and subclinical groups is 
presented in Table 1. Due to high co-occurrence rates among BFRBs, many persons reported multiple BFRBs. 
Within the clinical BFRB group, 18 (69.23%) participants endorsed a single clinical BFRB, 6 (23.08%) participants 
endorsed 2 clinical BFRBs, and 2 (7.69%) participants endorsed 3 clinical BFRBs. In addition, 6 (23.08%) 
participants in the clinical BFRB group reported a single subclinical BFRB and 11 (42.31%) participants reported 2 
or more subclinical BFRBs. Within the subclinical BFRB group, 14 (29.17%) participants endorsed a single 
subclinical BFRB, 22 (45.83%) participants reported 2 subclinical BFRBs, 11 (22.92%) participants reported 3 
subclinical BFRBs, and 1 (2.08%) participant reported 4 subclinical BFRBs. There was also a substantial amount of 
psychiatric comorbidity within both the clinical BFRB and subclinical BFRBs groups. A description of psychiatric 
diagnoses and demographic information across the three groups is presented in Table 2. 
Table 1. Distribution of body-focused repetitive behaviors among groups. 
 
Type of 
body-
focused 
repetitive 
behavior 
      
 
Hair pulling Skin 
picking 
Nail biting Cheek biting Teeth grinding Skin biting Other BFRB 
n (Clinical) 1 (3.85%) 11 
(42.31%) 
8 (30.77%) 8 (30.77%) 3 (11.54%) 2 (7.69%) 3 (11.54%) 
n (Subclinical) 8 (16.67%) 20 
(41.67%) 
19 (39.58%) 31 (64.58%) 9 (18.75%) 5 (10.42%) 3 (6.25%) 
 
Table 2. Demographic information and psychiatric comorbidity by group. 
 
Clinical BFRBs 
(n = 26) 
Subclinical BFRBs 
(n = 48) 
Healthy controls 
(n = 33) 
F, X2 p-
Value 
Gender 
   
0.44 0.80 
 Female 19 (73.1%) 35 (72.9%) 22 (66.7%) 
  
 Male 7 (26.9%) 13 (27.1%) 12 (33.3%) 
  
Ethnicity 
   
4.30 0.12 
 Hispanic 2 (7.7%) 7 (14.6%) 9 (27.3%) 
  
 Non-Hispanic 24 (92.3%) 41 (85.4%) 24 (72.7%) 
  
Race 
   
6.64 0.58 
 White 22 (84.6) 38 (79.2%) 26 (78.8%) 
  
 Black 1 (3.8%) 4 (8.3%) 0 
  
 Native American 0 0 1 (3.0%) 
  
 Asian 2 (7.7%) 2 (4.2%) 1 (3.0%) 
  
 “Other” 1 (3.8%) 3 (6.3%) 3 (9.1%) 
  
Age: M(SD) 18.84 (1.21) 18.83 (1.80) 18.63 (1.01) 0.22 0.80 
Current psychiatric Diagnoses 19 (73.1%)a 17 (37%)b 0c 34.66 <0.001 
 major depression 2 (7.7%) 0 0 
  
 Bipolar I 2 (7.7%) 0 0 
  
 Bipolar II 2 (7.7%) 0 0 
  
 Bipolar not otherwise specified 0 0 0 
  
 Panic disorder 3 (11.5%) 0 0 
  
 Agoraphobia 9 (34.6%) 7 (14.6%) 0 
  
 Social phobia 7 (26.9%) 3 (6.3%) 0 
  
 Obsessive-compulsive disorder 4 (15.4%) 1 (2.1%) 0 
  
 Posttraumatic stress disorder 0 1 (2.1%) 0 
  
 Alcohol dependence 1 (3.8%) 2 (4.2%) 0 
  
 Alcohol abuse 0 3 (6.3%) 0 
  
 Substance dependence 3 (11.5%) 1 (2.1%) 0 
  
 Substance abuse 0 1 (2.1%) 0 
  
 Psychotic disorder 0 0 0 
  
 Mood disorder with psychotic 
features 
0 0 0 
  
 Anorexia nervosa 0 0 0 
  
 Bulimia nervosa 1 (3.8%) 1 (2.1%) 0 
  
 Binge eating disorder 0 0 0 
  
 Generalized anxiety disorder 12 (46.2%) 4 (8.3%) 0 
  
 Antisocial personality disorder 0 0 0 
  
Multiple current psychiatric 
diagnoses 
15 (61.5%)a 7 (14.6%)b 0c 33.17 <0.001 
Shared superscripts reflect no differences between groups, whereas different superscripts reflect significant between-group 
differences. 
 2.2. Measures 
2.2.1. Sensory processing 
The Adult/Adolescent Sensory Profile (AASP) [38] is a 60-item self-report measure of sensory processing. The 
measure is designed to assess individuals' responses to everyday sensory experiences in six categories: auditory, 
visual, taste/smell, movement, body position, and touch. Based on Dunn's model of sensory processing [36], the 
scale consists of four subscales: Low Registration, Sensation Seeking, Sensory Sensitivity, and Sensation 
Avoiding. Items are endorsed on a 5-point rating scaleranging from 1 (“Almost Never”) to 5 (“Almost Always”). 
Each subscale is made up of 15 items, resulting in scores ranging from 15 to 75. The AASP has demonstrated 
good construct validity by correlating strongly with measures of skin conductance and physiological response 
to auditory stimuli, and each of the subscales has shown adequate to good internal consistency [38]. 
2.2.2. Diagnosis 
The Habit Disorder Interview (HDI) was developed by the authors for the purpose of the current study (See Table 
3 for an example of HDI questions for skin picking). The HDI is a structured, diagnostic assessment consisting of 
items derived from DSM-5 criteria for BFRBs. After a trained interviewer checked diagnostic criteria for each 
BFRB, he or she summarized these criteria endorsements into diagnostic decisions (i.e., Clinical BFRB, Subclinical 
BFRB, or No BFRB). No psychometric data are available on the HDI, but the interview was constructed based on 
the Trichotillomania Diagnostic Interview (TDI) [39], which has been used extensively as a Trichotillomania 
diagnostic instrument. Evidence indicates that the diagnostic criteria assessed with the TDI have strong 
sensitivity and ability to identify symptoms that distinguish symptoms of clinical psychopathology along the TTM 
latent dimension [40], hence the TDI likely possesses strong criterion validity. 
Table 3. Habit disorder interview - skin picking (excoriation). 
Question Diagnostic criteria Score 
Do you currently pick or scratch at your 
skin? 
A1. Recurrent skin picking… Yes/no 
What areas of your body do you pick 
from? 
n/a Face chest 
Arms fingers 
Shoulders legs 
Back toes 
Other:___________ 
Do you have damage to the skin in the 
areas you pick? 
A2. …resulting in skin lesions. 0 1 2 3 
Have you tried to stop picking your skin? B. Repeated attempts to decrease or stop skin 
picking. 
0 1 2 3 
Does the picking bother you? Does the 
picking get in the way of your life? 
C. The skin picking causes clinically significant 
distress or impairment in social, occupational, or 
other important areas of functioning. 
0 1 2 3 
Do you have any eczema, skin rash, or 
other skin conditions that may explain 
picking? 
D. The skin picking is not attributable to the 
physiological effects of a substance (e.g., cocaine) 
or other medical condition (e.g., scabies). 
0 1 2 3 
Why are you trying to pick your skin? Are 
your trying to “fix” your appearance? Do 
you see things that others cannot? Are you 
attempting to harm yourself? 
E. The skin picking is not better explained by 
symptoms of another mental disorder (e.g., 
delusions, body dysmorphia, non-suicidal self-
injury) 
0 1 2 3 
Diagnosis?   
No skin picking Subclinical skin picking Clinical skin picking 
0 = inadequate information; 1 = absent; 2 = subthreshold; 3 = threshold/true. 
 
The Mini International Neuropsychiatric Interview (MINI) [41] is a structured diagnostic interview based on 
the DSM-IV. The MINI was designed to establish both principal and co-occurring DSM-IV diagnoses. MINI 
validation studies have found that the measure possesses good psychometric properties [[41], [42], [43]]. 
2.2.3. BFRB severity 
Because there are no psychometrically validated measures of nail biting severity, cheek biting severity, teeth 
grinding severity, skin biting severity, or “other BFRB” severity, a global measure of disorder severity was used 
across diagnoses. The Clinical Global Impressions-Severity Scale (CGI-S) [44] is a clinician-rated measure of global 
disorder severity that is used with various psychological and medical disorders. Scoring on the CGI-S involves a 
single global rating ranging from 1 (“Normal, Not at all ill”) to 8 (“Extremely ill”). The CGI-S possesses convergent 
validity on many symptom severity scales across psychiatric conditions [[45], [46], [47], [48]]. For the purposes 
of this study, a version of the CGI-S that has been used extensively in TTM studies [49, 50] was adapted for each 
specific BFRB. 
2.3. Procedure 
Eligible participants were identified using an online screening questionnaire (described above) before being 
invited into the laboratory to complete the study. After providing informed consent, the HDI, CGI-S, and MINI 
were administered by trained clinical psychology doctoral students and a masters-level clinician, and all 
evaluators - trained and supervised by the 4th author - possessed extensive knowledge of BFRBs. Participants 
then completed the AASP. 
3. Results 
3.1. Group differences on sensory processing 
As can be seen in Table 2, there were no significant differences in gender, ethnicity, or age between the groups. 
Thus, these variables were not included in covariate analyses. However, because the BFRB groups were more 
likely to have a comorbid psychiatric diagnosis, the presence or absence of a comorbid condition was introduced 
into analyses as a dichotomous covariate following the calculation of initial analyses that did not include this 
covariate. 
Differences between groups on the four AASP subscales were examined using a Multivariate Analysis of 
Variance (MANOVA) test. Results of this omnibus MANOVA indicated that the groups reported significant 
differences on AASP subscales (F(8, 186) = 5.15, p < 0.001; Wilk's Λ = 0.67; ηp2 = 0.18). The univariate (ANOVA) 
and covariate (ANCOVA) analyses that were calculated following the significant MANOVA are described below. 
Dunnett's C post-hoc tests were used in ANOVA analyses for multiple comparisons due to unequal sample sizes 
between groups. For ANCOVA analyses, post-hoc tests were conducted using pairwise comparisons of estimated 
marginal means with Bonferroni adjustments. Descriptive statistics pertaining to ANCOVA analyses are provided 
in Table 4. 
Table 4. Descriptive statistics for AASP scales between groups. 
 
Healthy Mean (SD) Subclinical BFRB Mean (SD) Clinical BFRB Mean (SD) 
Low registration 31.31 (6.08)a 34.89 (7.33)a 37.38 (7.41)a 
Sensation seeking 47.25 (7.18)a 48.05 (8.02)a 44.72 (8.91)a 
Sensory sensitivity 33.44 (6.68)a 35.00 (7.22)a 41.24 (6.49)b 
Sensory avoidance 35.06 (6.80)a,b 35.21 (8.17)a 43.30 (5.83)b 
Shared superscripts denote a lack of significant difference in ANCOVA analyses when controlling for comorbid 
psychopathology. 
 
Consistent with the prediction that there would be significant differences on the Sensory Sensitivity subscale, 
the univariate ANOVA test for that subscale was significant (F(2, 96) = 14.18, p < 0.001, ηp2 = 0.23). Post-hoc 
comparisons indicated that the clinical BFRB group had higher scores than the other groups (both p-values 
<0.05). There were no differences between the healthy control group and the subclinical BFRB group. The 
overall ANCOVA remained significant when comorbid psychiatric diagnostic status was entered as a covariate 
(F(2, 95) = 5.78, p = 0.004, ηp2 = 0.11), and post-hoc comparisons for this ANCOVA yielded the same pattern of 
results as those conducted following the ANOVA. As such, individuals with clinical BFRBs appear to have greater 
sensitivity to sensory stimulation than individuals with subclinical BFRBs and healthy individuals. 
Also consistent with predictions, there were significant differences on the Sensory Avoidance subscale (F(2, 
96) = 16.07, p < 0.001, ηp2 = 0.25). Post-hoc analyses indicated that the clinical BFRB group had higher scores 
than the other groups (both p-values <0.05). There were no differences between the healthy control group and 
the subclinical BFRB group. The overall ANCOVA remained significant when comorbidity status was entered as a 
covariate (F(2, 95) = 6.11, p = 0.003, ηp2 = 0.12), but post-hoc analyses yielded a different pattern of results. 
There was still a significant difference between the clinical and subclinical BFRB groups, still no difference 
between the subclinical BFRB group and the healthy control group, but the difference between the clinical and 
healthy control groups was no longer significant. This suggests that persons with BFRBs do not differ from 
healthy controls in terms of sensation avoiding after controlling for comorbid psychopathology, but sensation 
avoiding may differentiate persons with subclinical from clinical BFRBs. 
Inconsistent with predictions, no significant differences between groups were observed on the Sensation 
Seeking subscale (F(2, 99) = 1.33, p = 0.27), even when psychiatric comorbidity status was entered as a covariate 
(F(2, 99) = 0.85, p = 0.43). This indicates that there are no differences between persons with clinical or 
subclinical BFRBs and healthy individuals with regard to feeling under-stimulated and seeking out additional 
stimulation. 
We did not predict group differences on the Low Registration subscale, particularly after accounting for 
comorbid psychopathology. Results were partially consistent with that hypothesis. There were significant 
differences on the Low Registration subscale in the ANOVA analysis (F(2, 96) = 6.92, p = 0.002, ηp2 = 0.13). 
Dunnett's C post-hoc tests indicated that the clinical BFRB group had higher scores than the healthy control 
group (p < 0.05) but not the subclinical BFRB group. There were no significant differences between the healthy 
control group and the subclinical BFRB group. When psychiatric comorbidity was entered into the model as a 
covariate, there was no overall significant difference between groups on the Low Registration subscale (F(2, 
95) = 2.18, p = 0.12). This suggests that people with clinical BFRBs may experience a reduced propensity to 
detect and respond to stimuli, but this is likely explained via comorbid diagnoses. 
3.2. Relationship between BFRB severity and sensory processing 
To further investigate the associations between sensory abnormalities and BFRB severity, Pearson's correlations 
were calculated between AASP subscales and the highest CGI-S rating that each individual received for a BFRB. 
Only individuals in the subclinical and clinical BFRB groups were included in this analysis. This correlation matrix 
is shown in Table 5. Scores on the Low Registration subscale, Sensory Sensitivity subscale, and Sensation 
Avoiding subscale were positively correlated with BFRB severity. Inconsistent with predictions, scores on the 
Sensation Seeking subscale were not correlated with BFRB severity. 
Table 5. Correlations between BFRB severity and AASP subscales. 
 
BFRB severity Low registration Sensation seeking Sensory sensitivity 
Low registration 0.25* 
   
Sensation seeking −0.14 0.04 
  
Sensory sensitivity 0.51*** 0.71*** −0.01 
 
Sensation avoidance 0.38** 0.42*** −0.30* 0.68*** 
***p < 0.001, **p < 0.01, *p < 0.05. 
 
4. Discussion 
The current study investigated sensory processing in persons with BFRBs. Consistent with hypotheses, 
individuals with clinical BFRBs showed greater sensory sensitivity and sensory avoidance than individuals with 
subclinical BFRBs and healthy controls, even when controlling for comorbid diagnoses. Also consistent with 
hypotheses, individuals with clinical BFRBs, subclinical BFRBs, and those without BFRBs did not differ on low 
registration after controlling for comorbid diagnoses. The lack of significant differences on the Sensation 
Seeking subscale was inconsistent with predictions. Finally, consistent with hypotheses, results indicated that 
increased BFRB severity was associated with increased sensory sensitivity and sensation avoidance. Surprisingly, 
results also indicated that BFRB severity was associated with low registration, though this relationship could be 
explained by comorbid psychopathology. 
According to Dunn's model of sensory processing [38], our pattern of results indicates that people with clinical 
BFRBs have low neurological thresholds and tend to engage in sensory avoiding when compared to persons with 
subclinical BFRBs. These results suggest that the function of clinical BFRBs differs in subtle ways from the 
function of subclinical BFRBs. It appears that individuals with varying levels of BFRB severity may possess 
different sensory/perceptual traits. Differences in these traits may be relevant for understanding differences in 
the frequency with which persons with clinical versus subclinical BFRBs perform their symptoms. In practical 
terms, it appears that hair pulling, skin picking, and other BFRBs may provide pleasurable automatic sensory 
reinforcement and allow individuals to distract themselves from aversive sensory states such as stress, tension, 
or perceptual over-inclusion. Assuming that persons with subclinical BFRBs use BFRBs to regulate sensations, 
perhaps individuals with subclinical BFRBs do not experience excessive perceptual discomfort regularly. 
Therefore, such persons may be prompted to perform BFRBs infrequently. Indeed, Dunn [51] argued that 
persons with low neurological thresholds tend to respond with avoidance to aversive over-stimulation and that 
these persons frequently use habitual/ritualistic behaviors to regulate their level of stimulation. 
However, the notion that BFRBs function as avoidance mechanisms could be seen as standing in contrast to the 
fact that BFRBs involve physical self-stimulation [23] and positive reinforcement [18]. This apparent 
contradiction may be explained by research on behaviors similar to BFRBs: non-suicidal self-injury. Evidence 
indicates that the predominant function of non-suicidal self-injury is the attenuation of unpleasant emotion [52], 
but individuals who engage in self-injurious behavior also report that their symptoms occasionally create 
positively reinforcing sensations, such as satisfaction [53]. However, the exact hedonic features of non-suicidal 
self-injury are still largely unknown, and it is difficult to distinguish feelings of satisfaction from similar euphoric 
feelings that are derived from the removal of aversive stimuli (i.e., pain relief). 
Alternatively, this apparent contradiction may be explained by research on addictive disorders. Such research 
suggests that, as one uses substances more frequently and pathologically, substance use may function less as a 
positive reinforcer and more so as a negative reinforcer over time [54, 55]. Clinical BFRBs may follow a similar 
course. That is, persons may initially perform BFRBs to achieve a particular sensation; however, as BFRB 
performance becomes more frequent, intense, and pathological, reasons for performing BFRBs may shift, such 
that persons with clinical BFRBs may be motivated to perform BFRBs to avoid aversive stimuli (e.g., including 
perceptual experiences) rather than to achieve a particular sensation. 
Currently, the behavioral and neurobiological mechanisms that underlie the abnormal sensory sensitivity 
reported by those with clinical BFRBs are unclear. One possibility is that individuals with clinical BFRBs possess 
ineffective sensory processing mechanisms that ultimately allow them to perceive abnormally high amounts of 
sensory information at any given time. As one example, sensory gating is an inhibitory process whereby excess 
sensory information is filtered between peripheral sensory afferents and cortical sensory processing areas [56]. 
Deficient sensory gating has been linked to abnormal sensory experiences, such as symptoms 
of schizophrenia [57]. In addition, several studies have found evidence of reduced sensory gating in persons with 
Tourette's Disorder and Obsessive-Compulsive Disorder [[58], [59], [60], [61], [62], [63], [64], [65], [66]], 
providing support for the notion that this deficit may cut across the Obsessive-Compulsive spectrum and apply 
to BFRBs. 
Another explanation for the current results is that there may be etiological overlap between BFRBs and sensory 
processing disorders. Sensory processing disorders are characterized by deficits in processing sensory 
information that often result in hyper- or hypo-sensitivity and problems responding to sensory information [67]. 
However, it should be noted that while sensory processing disorders are often emphasized in the occupational 
therapy field, they are not recognized in the psychiatric nomenclature. It is argued that persons with sensory 
processing disorders typically show heightened sensory sensitivity, aversion to certain types of stimulation, and 
poor attention and coordination [68]. Yet, evidence regarding this connection is mixed. As previously 
mentioned, there appears to be a significant association between sensory processing dysfunction and some 
Obsessive-Compulsive spectrum disorders [34], but one study found no evidence for overlap between sensory 
over-responsivity and childhood behavior disorders, including tics, Obsessive-Compulsive Disorder, 
and Trichotillomania [69]. Taken together, the existing research suggests that while persons with BFRBs do not 
display the debilitating sensory processing deficits seen in some conditions such as autism [70], there do appear 
to be some abnormal sensory experiences that cut across the Obsessive-Compulsive spectrum. 
The current findings have immediate implications for clinical management of BFRBs. Cognitive-behavior 
therapy has the highest level of empirical support for BFRBs [4, 5]. Although effect sizes are high for such 
treatments [4, 71], complete remission is infrequent [6, 72] and long-term relapse is common 
[[73], [74], [75], [76], [77]]. This may not be surprising in light of the current findings. Cognitive-behavior therapy 
for BFRBs is a multi-component treatment package that includes habit-reversal training, stimulus 
control, emotion regulation skills, and tools for coping with cognitions that trigger symptoms. Little attention is 
provided to improve stimulus regulation, although some treatment packages do include mindfulness [78] 
or coping strategies for satisfying sensory-related urges to engage in symptoms (i.e., responding to urges to tug 
at hair by playing with a plush stuffed animal) [73, 79]. Another promising adjunct to traditional cognitive-
behavior therapy that may address stimulus regulation has been put forth by O'Connor [80]. Termed cognitive-
psychophysiological therapy, this technique targets rising tension and sensorimotor activation prior to symptom 
performance through a combination of interoceptive awareness training, behavioral restructuring of overactive 
styles of action, and cognitive restructuring of beliefs systems linked to tension [81]. Indeed, a recent study 
found that this treatment was associated with changes in event-related potentials during a motor inhibition task 
in sensorimotor and prefrontal areas [82], suggesting that this form of treatment affects sensory processing on a 
neural level. 
Limitations to the current study include a limited size and college-aged sample. However, given the exploratory 
nature of this study, the low prevalence of clinical BFRBs, and the medium-to-large effect sizes of our findings, 
these preliminary results should spur future research with greater and more representative samples. Another 
potential limitation of the study concerns the fact that persons with different types of BFRBs were grouped 
together, but this grouping was based on an evidence-based conceptualization of high overlap between types of 
BFRBs [3]. Future research should collect greater samples of each type of BFRB and conduct comparisons 
between these groups to determine if any meaningful differences in sensory processing exist. These results are 
also constrained by the limitations of using self-report methodology, whereas using quantitative sensory 
approaches may have revealed different results. For instance, one study found that children with Tourette's 
Disorder reported heightened sensitivity to stimuli from all five senses, but quantitative tests of olfactory and 
tactile detection thresholds revealed no differences between children with Tourette's Disorder and healthy 
controls [29]. Findings such as this raise the possibility that individuals with clinical BFRBs may perceive 
their sensory inputs as more intense and bothersome than unaffected individuals, but the exact physiological 
mechanisms accounting for these experiences cannot be directly inferred from self-reports. Despite these 
limitations, this study represents the first study to utilize a psychometrically validated measure of sensory 
processing abnormalities in individuals with diagnosable BFRBs. As such, this study should spur future research 
on sensory abnormalities and inform development of novel treatment approaches. 
Acknowledgement 
The authors would first like to thank the participants of this study. We would also like to thank Colleen 
McFarland, Maddison Franklin, Carly Richardson, Abel Mathew, Kenia Gil, Balavikash Ravi, Cameran Tompkins, 
and Shoaleh Motamedi. 
References 
[1] J.E. Grant, D.J. Stein, D.W. Woods, N.J. Keuthen (Eds.), Trichotillomania, skin picking, and other body-focused 
repetitive behaviors, American Psychiatric Publishing, Washington, DC (2012) 
[2] A. Bohne, N. Keuthen, S. Wilhelm Pathologic hairpulling, skin picking, and nail biting Ann Clin 
Psychiatry, 17 (4) (2005), pp. 227-232 
[3] I. Snorrason, E.L. Belleau, D.W. Woods How related are hair pulling disorder (trichotillomania) and skin 
picking disorder? A review of evidence for comorbidity, similarities and shared etiology Clin Psychol 
Rev, 32 (7) (2012), pp. 618-629 
[4] J.F. McGuire, D. Ung, R.R. Selles, O. Rahman, A.B. Lewin, T.K. Murphy, et al. Treating trichotillomania: a 
meta-analysis or treatment effects and moderators for behavior therapy and serotonin reuptake 
inhibitors J Psychiatr Res, 58 (2014), pp. 76-83 
[5] R.R. Selles, J.F. McGuire, B.J. Small, E.A. Storch A systematic review and meta-analysis of psychiatric 
treatments for excoriation (skin-picking) disorder Gen Hosp Psychiatry, 41 (2016), pp. 29-37 
[6] D.W. Woods, D.C. Houghton Evidence-based psychosocial treatments for pediatric body-focused repetitive 
behavior disorders J Clin Child Adolesc Psychol, 45 (3) (2015), pp. 227-240 
[7] D.J. Hansen, A.C. Tishelman, R.P. Hawkins, K.J. Doepke Habits with potential as disorders: prevalence, 
severity, and other characteristics among college students Behav Modif, 14 (1) (1990), pp. 66-80 
[8] B.T. Tucker, D.W. Woods, C.A. Flessner, S.A. Franklin, M.E. Franklin The skin picking impact project: 
phenomenology, interference, and treatment utilization of pathological skin picking in a population-
based sample J Anxiety Disord, 25 (1) (2011), pp. 88-95 
[9] D.W. Woods, C.A. Flessner, M.E. Franklin, N.J. Keuthen, R.D. Goodwin, D.J. Stein, et al. The trichotillomania 
impact project (TIP): exploring phenomenology, functional impact, and treatment utilization J Clin 
Psychiatry, 67 (12) (2006), pp. 1877-1888 
[10] American Psychiatric Association Diagnostic and statistical manual of mental disorders (DSM-5) (5th. 
ed.), American Psychiatric Publishing, Washington DC (2013) 
[11] C.S. Mansueto, R.M.T. Stemberger, A.M. Thomas, R.G. Golomb A comprehensive model for behavioral 
treatment of trichotillomania Cogn Behav Pract, 6 (1) (1999), pp. 23-43 
[12] G.J. Diefenbach, D.F. Tolin, S. Meunier, P. Worhunsky Emotion regulation and trichotillomania: a 
comparison of clinical and nonclinical hair pulling J Behav Ther Exp Psychiatry, 39 (1) (2008), pp. 32-41 
[13] K.L. Gratz, L. Roemer Multidimensional assessment of emotion regulation and dysregulation: 
development, factor structure, and initial validation of the difficulties in emotion regulation scale J 
Psychopathol Behav Assess, 26 (1) (2004), pp. 41-54 
[14] J.J. Gross The emerging field of emotion regulation: an integrative review Rev Gen Psychol, 2 (3) (1998), 
pp. 271-299 
[15] S. Roberts, K. O'Connor, C. Bélanger Emotion regulation and other psychological models for body-focused 
repetitive behaviors Clin Psychol Rev, 33 (6) (2013), pp. 745-762 
[16] F. Penzel A stimulus regulation model of trichotillomania Touch, 3 (33) (2002), pp. 12-14 
[17] M. Buchsbaum Self-regulation of stimulus intensity: augmenting/reducing and the average evoked 
response G.E. Schwartz, D. Shapiro (Eds.), Consciousness and self-regulation, Springer, Boston, 
MA (1976), pp. 101-135 
[18] I. Snorrason, R.P. Olafsson, D.C. Houghton, D.W. Woods, H.J. Lee ‘Wanting’ and ‘liking’ skin picking: a 
validation of the skin picking reward scale J Behav Addict, 12 (4) (2015), pp. 250-262 
[19] R.G. Miltenberger, E.S. Long, J.T. Rapp, V. Lumley, A.J. Elliot Evaluating the function of hair pulling: a 
preliminary investigation Behav Ther, 29 (2) (1998), pp. 211-219 
[20] J.T. Rapp, R.G. Miltenberger, T.L. Galensky, S.A. Ellingson, E.S. Long A functional analysis of hair pulling J 
Appl Behav Anal, 32 (3) (1999), pp. 329-337 
[21] T.I. Williams, R. Rose, S. Chisholm What is the function of nail biting: an analog assessment study Behav 
Res Ther, 45 (5) (2007), pp. 989-995 
[22] G.J. Diefenbach, S. Mouton-Odum, M.A. Stanley Affective correlates of trichotillomania Behav Res 
Ther, 40 (11) (2002), pp. 1305-1315 
[23] S.A. Meunier, D.F. Tolin, M. Franklin Affective and sensory correlates of hair pulling in pediatric 
trichotillomania Behav Modif, 33 (3) (2009), pp. 396-407 
[24] I. Snorrason, J. Smari, R.P. Olafsson Emotion regulation in pathological skin picking: findings from a non-
treatment seeking sample J Behav Ther Exp Psychiatry, 41 (3) (2010), pp. 238-245 
[25] E.J. Teng, D.W. Woods, M.P. Twohig, B.A. MarcksBody-focused repetitive behavior prevalence in a 
nonreferred population and differences in perceived somatic activity Behav Modif, 26 (3) (2002), 
pp. 340-360 
[26] D.W. Woods, R.G. Miltenberger, A.D. Flach Habits, tics, and stuttering: prevalence and relation to anxiety 
and somatic awareness Behav Modif, 20 (2) (1996), pp. 216-225 
[27] A.W. Blum, S.A. Redden, J.E. Grant Sensory and physiological dimensions of cold pressor pain in 
trichotillomania J Obsessive Compuls Relat Disord, 12 (2017), pp. 29-33 
[28] G.A. Christenson, N.C. Raymond, P.L. Faris, R.D. McAllister, S.J. Crow, L.A. Howard, et al. Pain thresholds are 
not elevated in trichotillomania Biol Psychiatry, 36 (5) (1994), pp. 347-349 
[29] B.A. Belluscio, L. Jin, V. Watters, T.H. Lee, M. Hallett Sensory sensitivity to external stimuli in Tourette 
syndrome patients Mov Disord, 26 (14) (2011), pp. 2538-2543 
[30] Y.A. Ferrao, R.G. Shavitt, H. Prado, L.F. Fontenelle, D.M. Malavazzi, M.A. de Mathis, et al. Sensory 
phenomena associated with repetitive behaviors in obsessive-compulsive disorder: an exploratory 
study of 1001 patients Psychiatry Res, 197 (3) (2012), pp. 253-258 
[31] E.C. Miguel, M.C. do Rosario-Campos, H.S. Prado, R. do Valle, S.L. Rauch, B.J. Coffey, et al.Sensory 
phenomena in obsessive-compulsive disorder and Tourette's disorder J Clin Psychiatry, 61 (2) (2000), 
pp. 150-156 
[32] A.B. Lewin, M.S. Wu, T.K. Murphy, E.A. Storch Sensory over-responsivity in pediatric obsessive-compulsive 
disorder J Psychopathol Behav Asses, 37 (1) (2015), pp. 134-143 
[33] C. Ganos, A. Garrido, I. Navalpotro-Gomez, L. Ricciardi, D. Martino, M.J. Edwards, et al. Premonitory urge to 
tic in Tourette's is associated with interoceptive awareness Mov Disord, 30 (9) (2015), pp. 1198-1202 
[34] S. Taylor, C.A. Conelea, D. McKay, K.B. Crowe, J.S. Abramowitz Sensory intolerance: latent structure and 
psychopathologic correlates Compr Psychiatry, 55 (5) (2014), pp. 1279-1284 
[35] D.C. Houghton, M.R. Capriotti, C.A. Conelea, D.W. Woods Sensory phenomena in Tourette syndrome: their 
role in symptom formation and treatment Curr Dev Disord Rep, 1 (4) (2014), pp. 245-251 
[36] W. Dunn The impact of sensory processing abilities on the daily lives of young children and their families: 
a conceptual model Infants Young Child, 9 (4) (1997), pp. 23-35 
[37] E.F. Rieke, D. Anderson Adolescent/adult sensory profile and obsessive-compulsive disorder Am J Occup 
Ther, 63 (2) (2009), pp. 138-145 
[38] C. Brown, N. Tollefson, W. Dunn, R. Cromwell, D. Filion The adult sensory profile: measuring patterns of 
sensory processing Am J Occup Ther, 55 (1) (2001), pp. 75-82 
[39] B.O. Rothbaum, P.T. Ninan The assessment of trichotillomania Behav Res Ther, 32 (6) (1994), pp. 651-662 
[40] D.C. Houghton, S. Balsis, D.J. Stein, S.N. Compton, M.P. Twohig, S.M. Saunders, et al. Examining DSM 
criteria for trichotillomania in a dimensional framework: implications for DSM-5 and diagnostic 
practice Compr Psychiatry, 60 (2015), pp. 9-16 
[41] D.V. Sheehan, J. Janavs, R. Baker, K. Harnett-Sheehan, E. Knapp, M. Sheehan, et al. MINI-mini international 
neuropsychiatric interview-English version 5.0 J Clin Psychiatry, 59 (1998), pp. 34-57 
[42] Y. Lecrubier, D.V. Sheehan, E. Weiller, P. Amorim, I. Bonora, K.H. Sheehan, et al .The MINI international 
neuropsychiatric interview (MINI). A short diagnostic structured interview: reliability and validity 
according to the CIDI Eur Psychiatry, 12 (5) (1997), pp. 224-231 
[43] D.V. Sheehan, Y. Lecrubier, K.H. Sheehan, J. Janavs, E. Weiller, A. Keskiner, et al .The validity of the mini 
international neuropsychiatric interview (MINI) according to the SCID-P and its reliability Eur 
Psychiatry, 12 (5) (1997), pp. 232-241 
[44] W. Guy, R.R. Bonato CGI: clinical global impressions scale. Manual for the ECDEU assessment battery US 
Department of Health, Education, and Welfare, National Institute of Mental Health, Rockville, 
MD (1976), pp. 217-222 
[45] B. Bandelow, D.W. Baldwin, O.T. Dolberg, H.F. Andersen, D.J. Stein What is the threshold for symptomatic 
response and remission for major depressive disorder, panic disorder, social anxiety disorder, and 
generalized anxiety disorder? J Clin Psychiatry, 67 (9) (2006), pp. 1428-1434 
[46] A.C. Leon, M.K. Shear, G.L. Klerman, L. Portera, J.F. Rosenbaum, I. Goldenberg A comparison of symptom 
determinants of patient and clinician global ratings in patients with panic disorder and depression J 
Clin Psychopharmacol, 13 (1993), pp. 327-331 
[47] S. Leucht, J.M. Kane, W. Kissling, J. Hamann, E.V.A. Etschel, R. Engel Clinical implications of brief psychiatric 
ratings scale scores Br J Psychiatry, 187 (4) (2005), pp. 366-371 
[48] T.I. Zaider, R.G. Heimberg, D.M. Fresco, F.R. Schneier, M.R. Liebowitz Evaluation of the clinical global 
impression scale among individuals with social anxiety disorder Psychol Med, 33 (4) (2003), pp. 611-
622 
[49] G.J. Diefenbach, D.F. Tolin, S. Hannan, N. Maltby, J. Crocetto Group treatment for trichotillomania: 
behavior therapy versus supportive therapy Behav Ther, 37 (4) (2006), pp. 353-363 
[50] P.T. Ninan, B.O. Rothbaum, F.A. Marsteller, B.T. Knight, M.B. Eccard A placebo-controlled trial of cognitive-
behavioral therapy and clomipramine in trichotillomania J Clin Psychiatry, 61 (1) (2000), pp. 47-50 
[51] W. Dunn Habit: what's the brain got to do with it? Occup Ther J Res, 20 (1-suppl) (2000), pp. 6S-20S 
[52] D.E. Klonsky The functions of deliberate self-injury: a review of the evidence Clin Psychol 
Rev, 27 (2) (2007), pp. 226-239 
[53] E.A. Selby, M.K. Nock, A. Kranzler How does self-injury feel? Examining automatic positive reinforcement 
in adolescent self-injurers with experience sampling Psychiatry Res, 215 (2014), pp. 417-423 
[54] N.D. Volkow, J.S. Fowler Addiction, a disease of compulsion and drive: involvement of the orbitofrontal 
cortex Cereb Cortex, 3 (1) (2000), pp. 318-325 
[55] T.E. Robinson, K.C. Berridge Incentive-sensitization and addiction Addiction, 96 (1) (2001), pp. 103-114 
[56] D.J. Braff, M.A. Geyer, N.R. Swerdlow Human studies of prepulse inhibition of startle: normal subjects, 
patient groups, and pharmacological studies Psychopharmacology (Berl), 156 (2–3) (2001), pp. 234-258 
[57] D.J. Braff, N.R. Swerdlow, M.A. Geyer Symptom correlates of prepulse inhibition deficits in male 
schizophrenic patients Am J Psychiatry, 156 (4) (1999), pp. 596-602 
[58] S.E. Ahmari, V.B. Risbrough, M.A. Geyer, H.B. Simpson Impaired sensorimotor gating in unmedicated 
adults with obsessive-compulsive disorder Neuropsychopharmacology, 37 (5) (2012), pp. 1216-1223 
[59] F.X. Castellanos, E.J. Fine, D. Kaysen, W.L. Marsh, J.L. Rapoport, M. Hallett Sensorimotor gating in boys with 
Tourette's syndrome and ADHD: preliminary results Biol Psychiatry, 39 (1) (1996), pp. 33-41 
[60] M. Orth, A. Münchau Transcranial magnetic stimulation studies of sensorimotor networks in Tourette 
syndrome Behav Neurol, 27 (1) (2013), pp. 57-64 
[61] S. Rossi, S. Bartalini, M. Ulivelli, A. Mantovani, A. Di Muro, A. Goracci, et al. Hypofunctioning of sensory 
gating mechanisms in patients with obsessive-compulsive disorder Biol Psychiatry, 57 (1) (2005), 
pp. 16-20 
[62] C.R. Savage, J.B. Weilburg, F.H. Duffy, L. Baer, D.M. Shera, M.A. Jenike Low-level sensory processing in 
obsessive-compulsive disorder: an evoked potential study Biol Psychiatry, 35 (4) (1994), pp. 247-252 
[63] S.J. Smith, A.J. Lees Abnormalities in the blink reflex in Gilles de la Tourette syndrome J Neurol Neurosurg 
Psychiatry, 52 (7) (1989), pp. 895-898 
[64] A.N. Sutherland Owens, E.C. Miguel, N.R. Swerdlow Sensory gating scales and premonitory urges in 
Tourette syndrome Sci World J, 11 (2011), pp. 736-741 
[65] N.R. Swerdlow, B. Karban, Y. Ploum, R. Sharp, M.A. Geyer, A. Eastvold Tactile prepuff inhibition of startle in 
children with Tourette's syndrome: in search of an “fMRI-friendly” startle paradigm Biol 
Psychiatry, 50 (8) (2001), pp. 578-585 
[66] N. Zebardast, M.J. Crowley, M.H. Bloch, L.C. Mayes, B. Vander Wyk, J.F. Leckman, et al. Brain mechanisms 
for prepulse inhibition in adults with Tourette syndrome: initial findings Psychiatry Res 
Neuroimaging, 214 (1) (2013), pp. 33-41 
[67] R.R. Ahn, L.J. Miller, S. Milberger, D.N. McIntosh Prevalence of parents' perceptions of sensory processing 
disorders among kindergarten children Am J Occup Ther, 58 (3) (2004), pp. 287-293 
[68] A.C. Bundy, S.J. Lane, E.A. Murray (Eds.), Sensory integration: Theory and practice, FA 
Davis, Philadelphia (2002) 
[69] C.A. Van Hulle, N.L. Schmidt, H.H. Goldsmith Is sensory over-responsivity distinguishable from childhood 
behavior problems? A phenotypic and genetic analysis J Child Psychol Psychiatry, 53 (1) (2012), pp. 64-
72 
[70] S.R. Leekham, C. Nieto, S.J. Libby, L. Wing, J. Gould Describing the sensory abnormalities of children and 
adults with autism J Autism Dev Disord, 37 (5) (2007), pp. 894-910 
[71] M.C. Schumer, C.A. Bartley, M.H. Bloch Systematic review of pharmacological and behavioral treatments 
for skin picking disorder J Clin Psychopharmacol, 36 (2) (2016), pp. 147-152 
[72] D.W. Woods, D.C. Houghton Diagnosis, evaluation, and management of trichotillomania Psychiatr Clin 
North Am, 37 (3) (2014), pp. 301-317 
[73] M.J. Falkenstein, S. Mouton-Odum, C.S. Mansueto, R.G. Golomb, D.A.F. Haaga Comprehensive behavioral 
treatment of trichotillomania: a treatment development study Behav Modif, 40 (3) (2016), pp. 414-438 
[74] N.J. Keuthen, B.O. Rothbaum, M.J. Falkenstein, S. Meunier, K.R. Timpano, M.A. Jenike,et al .DBT-enhanced 
habit reversal treatment for trichotillomania: 3- and 6-month follow-up results Depress 
Anxiety, 28 (4) (2011), pp. 310-313 
[75] J. Lerner, M.E. Franklin, E.A. Meadows, E. Hembree, E.B. Foa Effectiveness of a cognitive behavioral 
treatment program for trichotillomania: an uncontrolled evaluation Behav Ther, 29 (1) (1999), pp. 157-
171 
[76] M.P. Twohig, D.W. Woods A preliminary investigation of acceptance and commitment therapy and habit 
reversal as a treatment for trichotillomania Behav Ther, 35 (4) (2004), pp. 803-820 
[77] M.P. Twohig, S.C. Hayes, A.A. Masuda Preliminary investigation of acceptance and commitment therapy as 
a treatment for chronic skin picking Behav Res Ther, 44 (10) (2006), pp. 1513-1522 
[78] D.W. Woods, M.P. Twohig Trichotillomania: an ACT-enhanced behavior therapy approach therapist guide 
Oxford University Press, Oxford (2008) 
[79] C.S. Mansueto, R.G. Golomb, A.M. Thomas, R.M.T. Stemberger A comprehensive model for behavioral 
treatment of trichotillomania Cogn Behav Pract, 6 (1) (2000), pp. 23-43 
[80] K. O'Connor A cognitive-behavioral/psychophysiological model of tic disorders Behav Res 
Ther, 40 (10) (2002), pp. 1113-1142 
[81] K. O'Connor, M. Lavoie, P. Blanchet, M.E. St. Pierre-Delorme Evaluation of a cognitive psychophysiological 
model for management of tic disorders: an open trial Br J Psychiatry, 209 (1) (2016), pp. 76-83 
[82] S. Morand-Beaulieu, K.P. O'Connor, M. Richard, G. Sauve, J.B. Leclerc, P.J. Blanchet, et al. The impact of a 
cognitive-behavioral therapy on event-related potentials in patients with tic disorder and body-
focused repetitive behaviors Front Psychiatry, 7 (2016), pp. 1-13 
 
☆Conflicts of interest: Dr. Woods receives royalties from Oxford University Press and Springer Press. Mr. 
Houghton has received honoraria from Elsevier. Ms. Alexander and Mr. Bauer declare no conflicts of interest. 
1 If hair pulling or skin picking is performed solely to remove undesired hair or skin, and diagnostic criteria for 
Body Dysmorphic Disorder (BDD) are met, BDD should be diagnosed rather than Trichotillomania or Excoriation. 
© 2017 Elsevier Inc. All rights reserved. 
 
 
 
 
 
 
 
